Mitochondrial expression of the Drosophila melanogaster multisubstrate deoxyribonucleoside kinase.
The multisubstrate deoxyribonucleoside kinase from Drosophila melanogaster deoxyribonucleoside kinase (Dm-dNK) is studied as a candidate suicide gene for applications in combined gene/chemotherapy of cancer. We have created an engineered Dm-dNK nucleoside kinase that is targeted to the mitochondrial matrix. The enzyme was expressed in a thymidine kinase 1-deficient osteosarcoma cell line, and the sensitivity of the cells to cytotoxic nucleoside analogs was determined when the enzyme was targeted to either the nucleus or the mitochondrial matrix. Although the total deoxythymidine (dThd) phosphorylation activity was similar in cells expressing Dm-dNK in the nucleus or in the mitochondria, the cells expressing the enzyme in the mitochondria showed higher sensitivity to the antiproliferative activity of several pyrimidine nucleoside analogs, such as (E)-5-(2-bromovinyl)-2'-deoxyuridine, 5-bromo-2'-deoxyuridine, and 5-fluoro-2'-deoxyuridine. Labeling studies using [3H]dThd showed that the cells expressing the mitochondrial enzyme had an increased incorporation of [3H]dThd into DNA, shown to be due to a higher [3H]dTTP specific activity of the total dTTP pool in the cells in which Dm-dNK was targeted to the mitochondria. The difference in the specific activity of the dTTP pool is a result of different contributions of the de novo and the salvage pathways for the dTTP synthesis in transduced cells. In summary, these findings suggest that mitochondrial targeting of Dm-dNK facilitates nucleoside and nucleoside analog phosphorylation and could be used as a strategy to enhance the efficacy of nucleoside analog phosphorylation and concomitantly their cytostatic potential.